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ARE WE EQUIPPED FOR WEARABLES? 
Power, E. J.  
 
 
ABSTRACT 
This paper is a combination of three investigations. Firstly it reflects on the results of a 
survey conducted with a selection of clothing design students, this establishes how the 
new generation of designers envisage electronics integrated within clothing and how 
functionality/userability impacts on the fashionability of the garment. It identifies the 
merits and opportunities of cross-discipline collaboration within the higher education 
sector and presents a summary of an innovative project that successfully integrated an 
electronic gesturing device into an item of clothing. The outcome of the project 
described, was an aesthetically pleasing wearable that interfaced an electronic gesturing 
device in a manner that was considered both practical and functional. Not only does this 
paper discuss the wearable design from a fashion perspective, it highlights the design 
process and subjectively analyses the obstacles encountered by design students in their 
quest to balance aesthetics and functionality without hindering their creative flare.  
 
 
1. INTRODUCTION 
The concept of fashion being a functional interface is not new, yet are we as designers, 
technologist and perhaps more importantly, consumers prepared for this revolution? 
Garments have already been introduced into the marketplaces that combine electronics 
and wearable computing devices (Gough, 2004). But is the consumer ready to 
understand, appreciate and interface with this technology? The flow of wearable 
computing into mainstream fashion is going to challenge even the most creative 
designers in our fields. Therefore, we should currently be addressing within higher 
education how we are equipping our future generation of fashion designers to deal with 
this revolution and establish methods of evaluating the progress. It appears we are all 
comfortable in our own disciplines and specialist areas, but in reality how well do we 
integrate together and more importantly how do we incorporate this into the current 
design curriculum?  
 
 
This paper is an investigation into how the new age designers envisage wearables 
integrated into clothing, it acknowledges opportunities in the current fashion design 
training to develop collaborative projects related to wearable computing and highlights 
an urgent requirement for further research in this area; A garment is presented that was 
specifically designed to integrate the Gesture Input System presented by Headon and 
Coulouris at Eurowearables 03’ (2003). The project outlined in this paper highlights the 
value of cross-discipline collaboration within the higher education curriculum. It 
identifies key areas of importance regarding the successful integration of an electronic 
gesturing system within the taught design process in terms of aesthetics, functionality 
and the consideration for robustness during testing. 
 
 
2. AIM 
The aim of this project was to promote cross-discipline research within higher education 
in the areas of fashion, wearable computing and electronics. This was achieved through 
four core objectives. 
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• Assessing how Fashion Design, Clothing and Marketing students perceived 
wearables. 
• Facilitating cross-discipline student centred research by integrating an electronic 
gesturing system, developed by Headon and Coulouris (2003) into clothing. 
• Reflecting how the student project was received, analysed and how successful 
the output was in terms of product usability. 
• Summarising the merits of this kind of collaboration and reflect on the outcomes 
and observations.  
 
 
3. BACKGROUND 
It has previously been identified by Gough that “people are carrying more and more 
electronic functionality with them” (2004, p.1). Furthermore research has shown that 
this is set to increase (Gough, 2004), the sales of portable electronic functionalities such 
as; mobile phones, sound systems, digital cameras watches and mini computers is 
forever increasing as new technologies immerge. Research is being conducted in the 
area of wearables within the electronic discipline, but how are we as consumers, 
designers and technologists equipped to deal with this merging of technology into 
clothing? This paper investigates some of the issues that arise with the integration of 
specific electronic functionality within clothing from a designer’s perspective.  
 
 
3.1 The Survey 
A survey was devised to gather some basic information regarding the level of 
understanding held within a group of clothing students in the UK. A mixed group of 
second year fashion, clothing and fashion marketing undergraduate students were 
considered as a representative sample. The group was selected on the basis that all of 
these students had experienced the product design process, had a high understanding of 
trend and current directions within fashion, and were considered a feasible age group to 
accept new processes and technological advancements (77 % were in the age range of 
20-25). The limitations were the group as a whole were predominantly female (86 % of 
the total number of surveys completed) and it could not be assumed that individuals had 
previously encountered wearable computing (or as the survey termed it intelligent 
clothing). The percentage of individual students that participated was reliant on class 
attendance and the goodwill of the students to participate. This survey was considered a 
pilot, expressing the views of a mixed group of clothing related students and was 
expected to be expanded at a later date. The total number of completed surveys received 
was 44.  
 
 
The survey was split into three sections using a semi-structured approach; Part A aimed 
to obtain basic information regarding the age and gender of the participant. There were 
also questions to establish the ownership and usage of wearable devices such as; mobile 
phones, portable sound systems, palm-top, lap-top, electronic organiser, camera etc. The 
second section (Part B) was devised to evaluate the participants’ knowledge in relation 
to intelligent clothing and their opinion into how they saw the growth in this area. The 
final section (Part C) required the participant to focus on fashion and the integration of 
electronics. Various issues were considered including costs and social implications. The 
participants were also asked to comment on which electronic wearable devices they 
would find useful in clothing.  
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3.1.1 Analysing the Survey Part A 
100 % of all participants declared ownership of a mobile phone and 66 % owned a 
portable sound system, laptops were the next most popular electronic device, whilst 
only a small percentage saw the necessity to own palm tops, digital organisers and 
digital cameras. However, this may be due to the fact that the ubiquitous new age 
mobile phone acts almost as an electronic panacea, this is an issue that was not 
evaluated in the survey. 61 % of all participants had these possessions with them when 
on the move, out of the remaining participants, 76 % did not carry their electronic 
devices when on the move, because the items were too big and bulky. Thus, we can 
assume from this study that the majority of individuals within this age group like to 
carry and communicate electronically when on the move, but some have reservations 
regarding the size, the weight and the practicality of large electronic devices. 
 
 
3.1.2 Analysing the Survey Part B 
When asked to define intelligent clothing, 52 % declared that they fully understood the 
term and provided a definition. However, the responses and definitions were extremely 
varied ranging from garments with pockets to hold mobile electronic equipment, to 
garments with sensors embedded in the structure. One conclusion that was drawn from 
this survey was that the definition of intelligent clothing was not clear, and further to 
that one may ask what do the terms smart and wearable imply? If level two clothing 
students had such varied interpretations then how was the general public expected to 
understand and integrate with this sort of technology in the market place?  
 
 
3.1.3 Analysing the Survey Part C 
The real surprise from this survey was that most participants envisaged that intelligent 
clothing in technical and medical applications would have a higher growth rate than 
within fashion. This leads us to ask the question; does the new generation of fashion 
designers not see the need for pervasive technology or indeed electronics in clothing? 
Alternatively do they not see any aesthetic merit in a functional electronic garment, 
hence, could we imply that technology will hinder the creative design process; therefore 
there is no value or place for it, within fashion?  
 
          
3.2 Summary of the Survey 
The hypothesis and research questions that were derived from the survey were; the 
majority of the students liked to communicate electronically when on the move, whether 
this is visually, audibly or verbally. Therefore, the fact that current design students 
perceive intelligent clothing in fashion, as lagging behind the other categories could 
simply be a lack of clarity to the definition of intelligent clothing/wearables. After all, 
how can we all want and accept new technology so readily in other aspects of everyday 
life and reject it in the main factor which we express our individuality (The way we 
dress).  
 
 
The survey highlighted some important discipline related questions, for instance; was it 
a safety factor that designers didn’t want technicians and engineers interfering with their 
design thoughts? Are aesthetics so high on the list of credentials for fashion that 
practicality and functionally cannot possibly aspire to the same height? Do fashion 
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designers consider electronic functional clothing as untrendy and freaky and therefore 
never consider it as a mainstream product within their ranges? Or is it a simple case of, 
how can they know what they want to incorporate when they don’t know what exists? 
(no-one wanted personal stereos before Sony invented them). Possibly you could argue 
from a fashion perceptive, that it is impractical to incorporate electronics into clothing 
because we change them so often. Hence, would we want the same electronics within all 
our clothing? These are just a few questions that arose from the survey evaluation.  
 
 
4. THE CROSS-DISCIPLIN PROJECT 
This innovative student project was the result of collaboration between Manchester 
Metropolitan University and Robert Headon and George Coulouris from The University 
of Cambridge. The project was envisaged to have a two-phased outcome focusing firstly 
on developing a prototype garment to enable further testing of the new gesture device 
presented by The University of Cambridge at the IEE Eurowearable ’03 conference 
(Headon and Coulouris, 2003). The second was the opportunity to research how the 
design students balanced aesthetics, practicality and functionality within the product 
design process. The project was intense, running for a period of 10 weeks during Jan 
2004 – March 2004, under the umbrella of a new module entitled intelligent clothing. 
During this work the students had to consider various aspects of the design process in 
particular the integration and usability of the electronic gesturing device as outlined in 
Figure 1.     
 
  
 
 
 
 
   
 
Figure 1 – Schematic Diagram of Gesturing Device 
 
 
4.1 The Gesture Input Device  
Headon and Coulouris identified in 2003 that certain benefits were obtained from the 
development of the wearable gesture input device. Potential applications range from 
technical usage such as, the control of a slide presentation, to medical, were a non-
contact approach is required to communicate in a clean room environment (Headon and 
Coulouris, 2003). The selected electronic gesturing system implemented a RFID (radio 
frequency identification device). The gesturing device as displayed in Figure 1 
illustrates schematically the components of the system. Basically it consists of three 
parts. 
 
 
• Tags (F) 
• Reader Chips and RF Circuitry (B, C, D, E) 
• Antenna (A) 
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A is representative of a reader antenna, it was found in earlier experimentation by 
Headon and Coulouris, that a circular antenna was unsuitable due to the read range not 
being sufficient, therefore the design was modified to be rectangular (2003). The 
intention was to pass the Antenna (A) over a single tag (F) to activate a function or 
gesture. Therefore, the antenna had to be either attached to the cuff of a garment or 
directly to the wrist. It was found by experimentation that attaching the antenna to the 
cuff of a garment did not reflect the movement of the wrist whilst gesturing, therefore 
the antenna was mounted onto a strap to secure it directly to the user’s wrist (Headon 
and Coulouris, 2003). The antenna was connected to the reader (C) by a shielded cable 
(B) and in turn the reader is driven (via ribbon cable (D)) by an iPaq (E), which could 
also provided audio feedback if required (Headon and Coulouris, 2003). 
 
 
The advantages of the components utilised in this gesturing device are; they are low 
cost and ubiquitous, conveniently wearable and have a low power requirement (Headon 
and Coulouris, 2003). Each of the tags are embedded in a 30 mm diameter plastic disc 
and can be positioned onto a garment to facilitate a gesture when communication is 
made with the antenna (There is the opportunity to use washable tags at a later date). 
The communication is fed to the RFID (powered by an external battery), which supplies 
a serial interface and can be housed in a pocket on the wearable. The iPaq receives the 
communications and using a wireless network communicates to a server that runs the 
software framework. The software translates the serial communications into a series of 
commands to the currently active operation. (Headon and Coulouris, 2003). Figure 2 
illustrates the original system (presented at Eurowearables 03’) integrated into a 
garment schematically (Headon and Coulouris, 2003). The selected application is a slide 
presentation, it can be seen in the illustration that each tag (numbered 1-7) is 
programmed to execute a command.  
 
 
 
 
Figure 2 – Schematic Diagram of Prototype 
Presented at Eurowearbles ’03 by Headon and Coulouris. 
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4.2 Drawbacks of the Current System  
There were some drawbacks identified from the prototype presented at Eurowearables 
‘03 (Headon and Coulouris, 2003). Firstly because of the technique used to attach the 
tags to the garment, there was a possibility of movement during wear. Secondly the 
gesturing device had been integrated into a commercial garment and no provision was 
made for the housing of internal circuitry or mechanisms. Thus there was a risk of the 
circuitry moving or getting damaged during wear, not to mention the bulging pockets 
containing the RFID, iPaq and battery.  
 
 
It was identified that it would be beneficial to integrate the circuitry and tags into a 
specifically designed garment that placed equal emphasis on aesthetics, practicality and 
functionally. This will also ensure consistency and robustness of the tags during 
gesturing and will contribute to more reliable results in future trials. A group of 
Manchester Metropolitan University students set about creating a product to fulfil a 
specific design brief. 
 
 
5. THE DESIGN PROCESS 
The brief was to design and produce a functional shirt or garment that integrates the 
gesturing device as illustrated in Figure 1. Further information was given on 
dimensions, weight and operating conditions of each component. The project focused 
on the design process and asked the participants to consider additional factors such as; 
fitness for purpose and the social issues surrounding this topic. 
 
 
Some students experienced difficulty in combining creativity within the parameters of 
the gesturing system. There were severe design limitations because of the wires and the 
requirement to connect the various components. The drape of the garment and sizing 
had to be carefully examined due to the tags requiring an element of rigidity. Around 
the cuff area it was a requirement that the Antenna be secure to ensure a strong signal 
was received during gesturing. Many ideas were discussed and presented by the 
students however no single design fully met all the design criteria for a variety of 
reasons.  
 
• Complexity of pattern drafting to include concealed seams 
• Consideration of the weight of specific components 
• The overall drape of the garment 
• Time limitations 
    
However, a combination of the students’ designs with inspiration and technical 
expertise from the Author provided a suitable prototype to be manufactured. 
   
 
6. THE CALLABORATIVE GARMENT 
The final prototype (illustrated in Figure 3 and 4) incorporates a range of the students’ 
ideas combined with elements of originality from the Author to form an aesthetically 
pleasing garment, which is both practical and functional in terms of usability. The 
garment is made of two components: The shirt and the frame as illustrated in Figure 3 
and 4. 
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The Shirt   The Frame 
   
Figure 3 – Final Prototype for the Gesturing Device. 
 
 
  
The Shirt   The Frame 
Figure 4 – Final Prototype Design. 
 
It can be seen that various issues have been considered in the design. Firstly the drape of 
the garment- it should be noted that some of the components of this system are 
relatively heavy. The iPaq (Figure 1, (E) and the battery for instance have a combined 
weight of 280g, if this is placed in a garment pocket it will affect the overall flow 
(drape) of the fabric and thus the garments aesthetics in general. It may also be 
problematic for a wearable of such expense to be swinging around your person during 
movement. This paper presents a system were a frame is used to secure the weight of 
the iPaq and the battery against the wearers body (see Figure 5a), thus allowing the shirt 
fabric to flow freely and preventing the iPaq from possible damage as a result of free 
hanging.  
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a) Photo of frame with iPaq           b) Photo of RFID in Pocket 
Figure 5 – Internal Design Features for the Gesturing Device. 
 
 
The ribbon cable (Figure 1 (D)) is held securely within the frame and is threaded into a 
shirt pocket at the chest (were there is less fabric movement) it then proceeds to plug 
into the RFID (Figure 5b), which is housed in Pocket 1 (see Figure 3).  
 
 
The shielded cable which is plugged into the RFID (Figure 1 (B)) is then threaded 
through an enclosed tube of fabric running down the sleeve to the cuff to prevent 
movement during wear (See Figure 6a). The shielded cable at the cuff is attached to the 
antenna (Figure 1 (A)), which in turn is attached to a wristband (See Figure 6b) to 
ensure the antenna is securely mounted to the wrist to facilitate gesturing.      
 
 
   
a) Photo of Sleeve Seam with Cable  b) Photo of Antenna Band. 
Figure 6 – Internal Design Features for the Gesturing Device. 
 
 
The tags (Figure 1 (F)) have been cleverly disguised under the various pocket flaps and 
within the collars using extra small pockets and seams to ensure the tags are held 
securely (Figure 7). This enables the tags to be removed during laundering and ensures 
their stable positioning during use. The entire shirt is made from a chino fabric to ensure 
it has a good handle and drape when the system is integrated. 
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Photo of Collar  Photo of Pocket Flap 
 
Figure 7 – Internal Design Features for the Reading Chips. 
 
 
6.1 SUMMARY OF THE COLLABORATIVE PROJECT 
The project was successful in terms of both outcomes; firstly a collaborative prototype 
garment was produced which integrated the gesturing device (Headon and Coulouris, 
2003) whilst ingeniously balancing the aesthetics, practicality and functionality of the 
garment (See Figure 4). The selected garment was a shirt that a lecturer or speaker could 
wear whilst conducting a presentation. This wearable would enable the speaker to move 
around the room whilst maintaining control of the slide presentation. In terms of design, 
the shirt was produced in a formal style that could be worn with or without a jacket. The 
fabric was carefully selected to provide maximum drape whilst enabling the electronics 
within to be concealed effectively. All the electronics were interfaced within the 
garments in a series of internal tubes and pockets (see Figures 5, 6 and 7) and mounted 
to the wearer securely by the frame (see Figure 3 and 4). The resultant garment is truly a 
wearable. It is aesthetically pleasing, the tags are integrated into the garment in 
positions which ensure they are both stable and do not interfere with the day to day 
wearing of the shirt. Further trials are currently being undertaken, to determine the 
accuracy of the tag selections and establish information regarding user feedback. Once 
this has been achieved any adjustments to the style lines will be assessed to maximise 
comfort during wear.    
 
 
The second outcome was a study into how effectively design students balanced 
aesthetics, practicality and functionality within the design development process. This 
evaluation is more subjective than the first study outcome, due to its success being 
measured in terms of a process rather than a final product. The whole exercise was a 
learning curve for both parties. To some degree it was noticed that fashion design 
students experienced some difficulties creating a practical and functional garment whilst 
maintaining a high level of design quality. The final prototype design was a 
combination of a number of students’ project work with practical modifications 
introduced. No individual design achieved this level of success; however, the necessary 
elements and foundations were present in all the students’ design-notes. Within this 
project we have demonstrated that cross-discipline research in Higher Education has a 
valuable place within the designing of functional wearables and hope that our research 
initiative promotes other educational establishments to participate in collaborations of 
this nature.      
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7. CONCLUSIONS 
In reflection this project has produced three successful outcomes. The first being an 
aesthetically pleasing wearable, designed specifically for the gesturing device developed 
by Headon and Coulouris (2003). Secondly an opportunity for a selection of students 
from Manchester Metropolitan University to develop their product design skills by 
experiencing cross-discipline research with a practical output taking the form of a 
wearable. Finally the project has enabled the design process of wearables to be 
evaluated. The following conclusions have been drawn. 
 
• How new age designers view electronics integrated in clothing with caution. 
Possibly due to design implications and creative restricting factors. 
 
• The terms, intelligent clothing, smart and wearables are misleading when used in 
research and require some formal definitions which are recognisable across all 
the multi-disciplines they encompass. This will provide a clearer understanding 
and reduce confusion in the market place should these products have 
commercial merit. 
 
• Within the fashion design process it has been challenging to balance aesthetics 
with practicality and functionality to produce a prototype wearable that is 
fashionable within the limited time scale. Nevertheless the project has been of 
value to all concerned and the design limitations are now more fully understood 
and appreciated. By using a collaboration of students designs combined with 
design and technical expertise a functional garment prevailed.  
 
• Each individual discipline is comfortable in working in isolation. However, 
difficulties may be encountered when multi-disciplinary research projects are 
formed. This paper highlights the value of cross-discipline collaboration within 
higher educational establishments as part of undergraduate and postgraduate 
development. It identified gaps within the formal fashion design training and 
attempted to rectify them by offering a sample of cross-discipline research 
within the current curriculum. However, this is an area that is vastly 
understudied and requires further research to determine the true benefit of such 
collaborations. 
 
• In terms of establishing answers to some of the questions that derived from the 
survey conducted as part of this paper, further cross-discipline research is 
required to formulate an in-depth understanding within the design process both 
within engineering and the arts. 
 
• The wearable gesturing garment presented in this paper is undergoing further 
testing to determine the reliability of the original data obtained. However, initial 
reactions to the design have been positive and the harness approach may be 
applicable to other wearables, to reduce the freaky element associated with 
them. 
 
• Finally, all sectors involved in wearables/intelligent clothing are recognising the 
requirement to form multi-discipline forums and research groups to promote 
research in this innovative area of fashion design and technology. This paper 
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presented a successful example of such collaboration, which resulted in a 
wearable prototype garment.  
 
 
8. RECOMMENDATIONS 
This project was very much about the integration of a prior developed electronic system 
(gesturing input device) within a garment. It would be interesting from an educational 
perspective to monitor a team of electronic engineering and fashion design students 
working on a new product development within this area. This would provide a valuable 
insight into the problems and benefits cross-discipline research offers. 
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